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SUMMARY

The ZVACA 6&serie8 airfoil sections were designed to
eliminate & trailing-edge cusp which is characteri.sficof the
AU(?A 6-series sectiom. I%eoretia! data are presented for
NAC’A 6A-series hi-c thickness-forms hauhg the position oj
minimum pressure at 30, 40,and 60 percent chord and with
thickne8s ratim rarying from 6 percent to 16 percent. Mao
presented are datafor a mean.line designedto maintain straight
s-ideson the camberedseetwns.

The experimental results oj a twodimenm”onulwindAunnel
irwestigationoj the aerodynamic characteristics oj jire A?A(?A
6JA-series airfoil 8ectiou and two ATACA 63A+eries airfoil
8ecth?s are. pre8ented. An analysis of these results, whkh
were obtained at Reynotds numbers OJ3 XI(Y, 6 Xl@, and
9)(1(7, indicate8thatUk 8ection minimumdrag and maximum-
[ijt characterietimof comparableA?AC.4 6-setis and 6A-series
airjoil sectio~ are essentially the same. 77ie quarter-chord
pitching-moment coejiliente and angles of mro lift of NA(7A
6A-serie8 airfo~ 8ection8are 8@7ht~ymore negatire than those
of corresponding NA(?A 6-series aii-iod sections. The peti-
tion of the aerodynamic center and the lifi-curre slope of smooth
NACA 6A-series airfoil 8ectione appear to be essentially inde-
pendent oj airfoil .tMckn..asratio in contrast to tie trends
down by NACA 6-eeries sectione. The addition of standd
Ieading-edge roughness causes the Jij%eurreslope of the newer
8ections to dem?a8eunlh increafl.ng airfoil thickness ratio.

INTRODUCTION
>

Much interest is being shown in airfoil sections having
small thickness ratios because of their Mgh oritical Maoh
numbem. The NACA 6-series airfoiI sections of smaH thicl.c-

nees have relatively high criticaI Mach numbers but have
the disadvantage of being very thin near the trailing edge,
particuImly when the sections considered have the position
of minimum preswre well forward on the basic thickness
form. The thin trailing-edge portions lead to clifliculties in
struchd design and fabrication. In order to overcome
these difficndties, the trailing-edge cusp has been removed
from a number of hTACA 6-seri* basic thickness forms and
the sides of the airfoil sections made straight from approxi-
mately 80 percent chord to the trailing edge. These new
sections are designated hTACA 6A-series airfoil sections. A
special mean line, designated the a= 0.S (modified) mean

line, has also been designed to.maintain straight sides on the
cambered sections.

This paper” presents theoretical pressure-distribution data
and ordinat= for hrACA 6A-series basic thickness forms
covering a range of thickness ratios extending from 6 to 15.
percent and n range of positions of minimum pressure extendi-
ng from 30 percent to 50 percent chord.

The aerodpamic characteristics of seven IYACA 6A-series
airfoiI sections as determined in the LangIey two-dimensional
,low-turbulence pressure tunnel are aIso presented. These
data are anaIyzed and compared with similar data for
ATACA 6-series airfoil sections of comparable thickness and
design Iift coefficient.

COEFFICIENTS AND SYMBOLS

c& section drag co&cient

G=* minimum section drag coefficient” —
c1 section lift coefficient
Clt design section lift coefficient

c1= maximum section lift coei3icient

section pitching-moment coefficient about aerodynamic

center
section pitching-moment coefficient about quarter-

chord point .

section angle of attack
section a.ngIe of attack corresponding to de&gn Hft

coefficient

section lift-curve slope

free-stream velocity
local veIocity
increment of Iocal veIocity
increment of local veIocity caused by additional type of

load distribution
resultant pressure coefficient; difference between IocaI

upper-surface and Iower-surface pressure coticientw
ReynoIds number
airfoil chord length
distance along chord from leading edge
distance perpendicular to chord
mean-line ordinate
mean-line designation;’ fraction of chord from leading

edge over which design load is uniform
airfoil design parameter (reference 1)
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THEORETICAL CHARACTERISTICS OF AIRFOILS

Designation,-The system used for ..~esignating the new
airfoil sections is the same as that employed for the NACA
6-series sections (reference 1) except that the capital letter
“A” is substituted for the dash which appea~ bei?veen “the
digit denoting the position of minimum pressure and @Mt”
denoting the ideal lift coefficient. For example, the NACA
641-212 becomes the NACA ~4&?12 when the cusp “is
removed from the trailing_ .edge, Iq: the absence of any
further moditlcation of the designation? the cambue.d ahfoils
are to be considered as having the a=O.8 .(modified~ mewn line.

Basia thickness forms,—The theoretical methods by which
the basic thickness forms of the NACA 6-series family of
airfoil sections were derived m order to have pressure clis-.
tributions of a specified type are described in reference 1.
Removing- the trailing-eclge cusp was accomplished by in-
creasing the value of the airfoiI design pararneiei ~-teftieritil)
corresponding to the rear’ portion of the airfoil until tile
airfoil ordinates formed a stra~ht l& from approximately
80 percent chord to the traihng edge:.. @ce the @d~orm.

of the # curves was established, the, new pressure distiilxi~~.

tions cm.responding to the modified thickness forms were

calculated by Lhe &ual methods as described in reference 1.
A comparison of the theoretical pressure @M.mtiona of an

NACA 64,-012 airfofl section and an NACA 641A012 airfoiI
section (fig. 1) indicates that removing the ~ailing-edge
cusp has little effect upon the velocities around tho section.
A slight :duction of the peak negat ivo pressure and flatter
prewure gradient over the forward and rearward portions
of the .airfoiI section seem to be the princip&I WCC(S. The

theoretic~ calculations also indicate the prticnco of a
trailing-”kxlge stagnation point” caused by the fii~ite tr~iling-
edge anglg of the NACA 6&series sections. This stagnation
point is, of course, riever realized experimentally.

Ordinates and theoretical pressuredistribution data for
NACA llA-series basic tljckness forms having tho position
of rnitium pressure at 30j 40, and 50 pcrcefit chord arc
present@ in figure 2 for airfoil thickness ratios of 6,8, 10, 12,
and 15 percent. ~ intermediate thickness ratios invoIving
a change in thickness of not more than 1 Lo 2 pm’ccnL n.r.c
desirec{j the ciidiiktes .of the basic thickncas forms may bo
scaled llmearly without seriously altering i.he gradients of
L@ theoretical pressure distribution.--.= . .. . .. . . .
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NACA 63AO06 BASIC THICKNESS FORM
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L. E. radhs 0.266percentc
T. E. radlw 0.014psrcentc

NACA 63.4008 BASIC THICKNESS FORM
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XACA 631.4012 BASIC THIC’KXESS FORXI
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NACA 6&Ao15 BASIC THICKNESS FORM
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:NACA 64.4006 BASIC THICKNESS FORM
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IV.4CA 64AO08 BASIC THICKNESS FORM
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NACA 64.4010 BASIC .THICIiFiESS FORM

/-6-

,J=z- 0.08(upper srf ace]
,.

/.2

.8 “.

lwcA 64/WIO

.4 -

0 .

(per&tc) (Cfv)i =1
...-..--—

Ah/v@r&t c)

o
.&n
.969

k=
HE%199
a.81a
“42n
4W3
4.S37
4968
La%

t%
4.2S
4.021
3.697
a.127
.’4.623
z 102

M!J

.Om

o
.5
.76

L25
25

H’
10

k!?

%
35
40
45
EQ
&
60

E
7a
m

f

m

(r+

L. E. radius: 0.667percentc
T. E. mdlux 0.022P8mnt C I

~.

NACA 64,A012 BASIC THICKNESS FORMIlilil ilid
I I I I I I I I

.,cz -,a]3 (q+er .smfOceJ “ I (perikt. c) (perche) (U/n’ @’ AUJV
I

L2

2.w
Lm-J
1.615
1:2&

.6S1

:E
,.asa
.~2

.2!9

.221

. K4a

. m

. la?

.120

.123

.m
X&

:%

.0$9
0

a
.5
.7a

i%
5.0
7.5

10

;

:
25

2.

t%
60
65
70
75

%.
93

1%
(c]

o .2 .4 .6 .8
x/c

Lo

—.
L.E. radius: 0.Q94Kcent C
T. E. Mhrs: 0.026percent o

FIGURS‘L-Cantinrrcd,.



REPORT Nii 90 3—NAT1O~fi”iDiti”i~~ COtitiEi ‘FOR AERONAUTICS
“--—.

NACA 6~AO15 BASIC THICKNESS FORM .. . . . . . .-
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NAC.k 65AOI0 BASIC- THICKSEEK3 FORM
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Mean Iine.-1n order that the addition of camber not
change the pressure gradients over the basic thickness form,
a mean Iine should be. used which causes uniform load to be
carried from the leading edge to a point at least as far back
as the position of minimum prmure on the basic thickness
form. The usuaI practice is to c~mber .NACA 6-series air-
foil sections with the a= 1.0 type of mean line because this
mean Iine appears to be bast for high maximum lift coeffi-
cients and, contrary to theoretical predictions, does not
cause. excessive quarter-chord pitching-moment coefficients.

The a=l.0 type mean line was not considered desirable,
however, for the NACA 6A-series basic thiclmess forms be-
cause the surfaces of the cambered airfoil sections would be
curved near the traiIing edge. The type of mean line bwt
suited for maintaining straight sides on these newer sections

would be one that is straight from 80 percent chord to. the
trailing edge. SUCII a camber line could be obtained by
modifying an a= 0.7 mean line. C?oniiideration of the effect
of mean-line loading upon the maximum lift coefficient
indicated, however, that u mean line having a uniform Ioad
distribution as far back along the chord as possible was
desiralie. It was found that the a=O.8 type mean line
could be made straight from approximately 85 percent
chord to the trailing edge without causing a sharp break in
the mean line and with very ]ittIe curvature between the 80-
percent- and 85-percent.-chord stations. The aerodynamic
advantage of using this mean line in preference to one
having unifom load to 70 percent chord were considered to
be more important than the sIight. curvature existing in the
modified a= 0.8 mean line. For this reason, all cambered
NACA 6A-series ah-foil sections have employed the a-=0.8
(modified) mean Iine.

The. ordinates and loaddistribution dati corresponding
to a design Iift codllcient of 1.0 are presented in figure 3 for
the a= 0.8 (modified) mean line. The ordinates of a mean
line having any arbitra~ design lift coefficient may be
obtained simply by muMipIying the ordinates presented by
the desired design lift coefficient.

Cambered airfoils. —The method used for cambering the
basic thicknees distributions of figure 2 with the mean line
of figure 17 is described and. discussed in references 1 and 2.
It coneish.essentially in laying out the ordinates of the basic
thick.ncss forms normal to the mean line at corresponding
stations. A discussion of the method employed for com-
bining the theoretical pressure-distribution data, presented
in figures 2 and 3 for the mean-line and basic-ihickness dis-
tributions, to give the approximate theoretical pressure dis-
tribution about a cambered or symmetrical airfoi[ section
at any lift coefficient is given in reference 1.

APPARATUS AND TESTS

Wind tunneI,-All the tests described herein were con-
ducted in the LangIey two-dimensional low-turbulence
pressure tunneI. The test section of this tunnel measures
3 feet by 7.5 feet. The models completely spanned the
3-foot dimension with the gaps between the model and tunnel
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FIGURE3.—DahI[orNA CAmean llnea-O.8 (modlflrd).

wwlk scaled to. Prevent air leakage. Lift mwwrernents

were made by taking the difference between the prmsurc
reaction upon the floor and ceiling of the tunnel, {Irag results
were obtained by the wake+mrvey method, and pitching
momen@ were determined with a torque btdance. A more
complete description of the tunnel am! the method of obtain-
ing and reducing tho data are cent aimxl in r.cfcrcmm 1.

ModeIs ,—The seven airfoil sections for which the experi-
mental aerodynamic characteristics were obtained arc:

NACA 63AO1O
NACA 63A21O
NACA 6IMO1O
NACA 64AZI0, NACA 64,A212, NACA 64,A215
NAC!A 64A41 O

The modek representing the airfoiI sections wcro of 24-inch
chord and were constructed of laminated mahogany. TIJO
models were painted with lacquer and then snndcd with
No, 400 ‘iia.rborundum paper until aerodynamically smooth
snrfacea were obtained. The ordinatw of tho modcla tcst,cd
are presented in tables I to VII.
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TABLE I.—ORDINATES OF NACA 63AO1O AIRFOIL
SECTION

[Statfonsond ordfnatesgivenIn percentofrdrfoflchord]

Uppersurtwe

Statlon Ordfnate

Lcmersurfuce

TABLE 11.—ORDINATES OF KACA 63.$210 AIRFOIL
SECTION

[Stationssnd ordinatesgivenfn percentof rdrfoflchord]

upper sorfnce I bwer surfwe

Ste.tlon Ordfmte I Statforr

o
-.756
-. m

-L 125
~; gi

-z 426
–Z 724
-2.107
-3. m
-2.662
–z m
-3.771
-3. SS9
-3.623
-3. 2s3
-L S35
-2.641
-% !m2
-1. s!31
-L4W
-1.104
–. Sfz
-.639
–. 279
–. 02t

.

L. E. rtidhw 0.742
T. E. radlux 0.023
Mopeofmdhs through L. E.: 0.0%

TABLE 111.-ORDINATES OF NACA 64AOI O AIRFOIL
SECTION

[Stationsnnd ordfnotesgivenfn percsnt ofrJrfoIfchord]
—-

Upper surfwe hwersnrfaea ““ ‘“

Statfon Ord@te St8tL0n Ordhrate
—,

0 0 0 0
.6 .6 -.s04
.76 :% .76

L25
–. Om

L225 L 25
26

–1. 225
26 -L 0SS

&o ;: S.o
7.6

–Z 227
7.6

10
–2. So6

am 10
16

-s. 169
2.8L3 15 -h 813

20
26

20. –4. 272
t% 26

30
-4603

4s37 –4.637
25 4969 %!
w

-4ms
4 ‘m 40

46
-4095

Lm4 46
60

–4 694
L6S4 ! -4 W

55 4286 E
m

-43ss
4 on 60

65
-4021

2.m7 –3. 697
70 &12i %“ -S. 127
76 2623 76
80

-% m
z 103 al –2. m
L6S2 65 –L 6s2

E LIM2 xl
95

-L k%?
.M1

ml
-.641

.021 1% –. 021

. .
L. E. radfm. 0;687
T. E. mdlw. 0.0!2S

TABLE IV.-ORDINATES 0?? NAC.k 6WZ1O AIRFOIL
SECTION

[StntIorrsand ordfnatesgiren in yrcent of slrfollchord]
—

Upper .mrfOcO Lowersurfsce

> ‘“”
Strdfon Ordfnrde

o 0 0 0
.424 .m ? 744

i~ -.SS6
i$ L342 i%
%3S7

-L lm
1.S96 2.618 -L4i3

4 S74 Z ~6 5.126 –L M3
7.631

:%
-+ 816

: ?2 111122 -1600
1*si4 4692 lh lm -3.Om

hm 20.116
E%

–3. 340
htlm 25.lm

20.917
–3. 554

6.W4 m.w –k S53
34936 &192 S&w
$9.965

–a 744
6.2i4

44976 6.%
-2.716

g~
49.994.

–s. ml
fl 014

m.o12
-a 354

6.714 649s$
Sam

-s. 062
&323 50.972 –% 719

6S042 4s52
70.0s4

–% 342
4 Slo %% –L 944

76.ma 8.702
m. 076

74837 –L 642
am 79.024 –1. 167

g&4 :30; 64-W -.s59
39.04s

96.027
-. ml

.785 94974 -2ZQJ
ma Om .021 100.030

L. E. mdfns: 0.6S7
T. E. rodlw. 0.0?3
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TAB~E VIL-ORDINATES” OF N.4CA 642A215 AIRFOIL
SECTION

[StMoruand ord!natcsghn [n LWWrrtOfafrfotlchordl

TABLE V.—ORDINATES OF NACA 64A41O AIRFOIL
SECTION .

[Statloneand ordfnatesgtvemin panxnt ofa!rloilchord]
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TABLE VT.-OR~INATES OF NACA 64iti”i2 AiRFOIL”~
SECTION

Tests,—The tests of each smooth airfoil section consisted
in measurement of the lift, drag, and quarter-chord piLching-
moment coefficients at Reynolds numbers of 3X10’, 6X103,[stationsand ordinatesgivenin uercant’otairfoilchordl

upper aurfdce

.. -—. ---------

LowerSUKfWS

and 9X108. b addition, the lift and drag charac Lwistim
of each section were cletexmined at a Reynolds numbw of
6X106 ~~th standard roughness applied to the lcmling edge
of the model. .The. standard roughness employed on thsc
24-inch-&ord models consisted of 0.01 I-inch-diarnctcr Car-
borundum grains spread over a surface length of s percent
of the chord ba&” from the leading edge on the upper and
lower su.qfaces.. The grains wero thinly spread to cover from
5 to 10 percent of this area. In an effort to obtain somo
idea of the tiectiveness of the airfoil sections when equipped
with tra”fiing-edga high-lift devices, each section was fitted
with.a simdated split flap deflected 60°. Lift mcttsurements
with th~” split flap were made at a Reynolds number of
6X108 tith the. airfoil leading edge both smooth and rough.

. ‘.. .---- .“” i----- =---- -------

nESULTS

The r&dts obtained from tests of the seven airfoiI sectious
tie “pr6&ti ted in figures 4 to 10 in the form of standard aero-
dynamic coefficients representing tho lift, drag, and quarLer-
chord pitching-moment .eharacteristics of the airfoil sections.
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The calculated position of the aerodynamic center and the
variation of the pitching-moment meilicient with lif t coeffi-
cient about this point are also included in these data.’ The
influence of the tunnel boundaries haa been removed from
all the aerodynamic data by means of the following equa-
tions (developed in reference 1):

cd=().99()c(J’

CI=O.973C;

cm,,4=o.951c1nc,4’

ao=l.o15q’

where the primed quantities denote the measured coefficients.

DISCUSSION

Although the amount of systematic aerodynamic data pre-
sented for NACA 6A-series airfoiI sections is not large, it is
enough to indicate the relative merits of the NACA” 6A-
series airfoil sections as compared with the NACA 6-serka

sections. The variation of the important aerodynamic char-
acteristics of the five NACA 64A-series airfoils with the
pertinent geometrical parameters of the airfoils is shown in
figures 11 to 17, together with comparable data for NACA
64+eries airfoils. The curves shown in figures 11 to 17 are
for the NACA 64-series airfoil sectioiis and are. taken_ from
the faired data of reference 1. The experimental points
which appear on these figures” represerit the results obtained
for the NACA 64A-series airfoil sections in the present
investigation, Since only two NACA 63A-series sections
were tested, comparative results are not presented for them.
The eflect of removing the cusp from the NACA 63-series

sections is about the same as that of removing tho cusp
from the NACA 64-series sections.

The comparative data showing the cflccta upon the aero-
dynamic characteristics of removing the t.railii-cdgo cusp

, from NACA 6-series airfoil sections should be usccl wiLb
caution if the cusp removal is aflected in some manner other
than that indicated earlier “in this paper-. For eximplc, if
the cusp shouId bc removed from a mmbercd airfoil by mwms
of a straight-line fairing of the airfoil surfaces, tlw amount of
camber would be decreased near the trailing edge, Naturally
the effect upon the aerodynamic characteristics of removing
the cusp in such a manner would not Im the snmc as in-
dicated by the comparative results prcwmtcd for NACA
6+eries and 6A-series airfoils.

Drag,—The variation of section minimum drag coefficient
with airfoiI thickness ratio at a Reynolds number of 6X108
is shown in figure 11 for NACA 64-series and NACA 64.i-
series airfoil sections of various cambers, both smooth and
with standard leading-edge roughness. & with the ~NACA
64-series sections (reference 1), the minimum drag cofll-
cients .of the NACA 64A-scri* sections show no consistent.
variation with camber. Comparison of the datu of figure II
indicates that removing the cusp from the trniling edge has
no appreciable effect upon tho minimum drag coefilcicnt~ of
the airfoils, either smooth or with standard hwding-edge
mughqess.

Increasing the Reynolds number from” 3X108 to 9X Id
ha about the same effect upon the minimum drag cocficicut
of NACA 6+M-series airfoils (figs. 4- to 10) as thtit in~icatcd
in reference 1 for the NACA 64-series airfoils.

Some differences e.xiet in the drag coefficients of NACA
64- and 6Ai-seri@ airfoils out.side the lowdrag range of Iift
coif%cients but these diflerenc~ me smalI and do not show
any consistent trends (figs, 4 to 10 m~d rcfcrcncg 1).
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Lift.-The section angle of zero lift as a function of thick-
ness ratio is shown in figure 12 for hTACA 64- and 64A-series
airfoil sections of mmious cambers. These results show tfiat
the angle of zero lift is neaxIy independent of thickness and
is primarily dependent upon the amount of camber for a
particular type of mean line. Theoretical calctdat.ions made
by use of the mean-fine data of @ure 3 and reference 1
indicate that airfoils with the a= 0.8 (moclfied) mean line
should have angles of zero lift less negative than those with
the a= 1.0 mean line. Actually, the reverse appeara to be
the case, and this effect is due mainly to the fact that air-
foils having the a= 1.0 type of mean line have angles of zero
Lift which are ody about 74 percent of their theoretical va.he
(reference 1), and those having the a=O.8 (modified) mean
lines have angles of zero lift larger than indicated by theory.

The measured lift-curve slopes corresponding to the NACA
64-series and hTACA 64A-series airfoik of various cambers
are presented in figure 13 as a function of airfoil thickness
ratio. No consistent variation of lift-curve slope with
camber .or Reynokla number is show-n by either type of air-
foil. The increase in trailing-edge angle which accompanies
removal of the cusp would be expected to reduce the llft-
curve slope by an amount which increases with airfoil thick-
ness ratio (references 3 and 4). Because the present data
for the NACA 6A-series sections show essentially no vmia-
t.ion in lift-curve sIope with thickness ratio, it appeara that
the effect of increasing the trailing-edge angle is about

0)
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Fmum lS—VsriationofIift-mrie s!opewith afrfollthiokneesrstio for come NAOA 64serfos
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couditionandwith standarrlkadh&edmraushum. R=6XW &@ mh~ ~dfeati
NACA @4A-e4rfesSedfOOS wfth stenderdmr@me=h

—

baIanced by the increase in lift-curve slope vzith thickness
ratio shown by NACA 6-aerks sections. The value of @e
lift-curve sIope for smooth NACA 64A-seriw airfoil sections
is vwy close to that predicted from thin airfoil theory (2T
per radian or 0.110 per degree). Removing the trailiig-
edge cusp from an airfoil section with standard leading-edge
roughness causes the lift-curve slope to decrease. quite
rapidIy tith increasing airfoil thickness ratio.

The variation of the maximum section lift coefficient with
airfoiI thickness ratio and camber at a Reynolds number
of 6X 10s is shown in figure 14 for hTACA 64-swks and
hTACA 64A-aeriw airfoil sections -with and without standard
Ieading+dge roughness and simulated split flaps deflected
60°. A comparison of these data indicates that the char-
acter of the variation of maximum lift coefficient with a~foiI
thickness ratio and camber ia nearly the same for the NACA
64-eeries and h~ACA 64A-series airfoil sections. The magni-
tude of the maximum lift coe5cient appears to be dight.ly
less for the plain hTACA 6JM+erks airfoils and slightly
higher for the NACA 64A-series airfoils with split flaps than
corresponding values for the NACA 64-series airfoils. These
differences are amaII, however, and for enginewing applica-

tions the maximum-lift chamcteriatics of NACA 64-series
and 64A+eriea airfoil sections of comparable thickness and
design lift coefficient may be considered practically the same.

0 4 8 f2 16 20 24
Airfoil fhickness, percenf of chord

(s) AfrfoDwithehmdstedspilt Ssp dekted L?O”.
(b) PlafnalrfoIL

FIGURE14.-VsriatIon of maxknrrmsectionlift eoefMent with alrfoIlthiekneesratio and
esmiwrfor someNAOA 64eerfen(referenee1) snd NACA WA-seriesafrfollsectfonswith
andwithontdmnMed.@ IMPendskmdmf roughness. R-6X1M @@ symbofe
indleeteNACfA WA++zfes airfoilswfth standard muglrme.



222
..-

REPORT ~0. 90 3—NATIONAL ADVISORY COfiITTEE FOR AERONAUTICS

A comparison of the mtmi.rnum-lift data for ATACA fi4A-
series airfoil sections, presented in figures’. 4 to 10, w] Ih
similar data for NACA 64-series airfoil sections indicates
that the scah+eflect characteristics of the two types of section
are essentially the same for the range of Reynolds number
from 3)(10° to 9X1(Y.

Pitching moment, —Thin-airfoil theory providm a means
for calculating the theoretical quarter-chord pitching-moment
cofic.ients of airfoil sections having various amounts and
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types of camber. Calculations were mado according to these
methods for airfoils having the a=.1.O and ‘I= 0.8 (modifhl)
-mean lines by using the theoretical mean-ii no dnt a prescnhxl
in fi=gure3 and in referenco 1. ‘The results of these calculat-
ions indicate that. the quarter-chord pitrhing-moment c.ocfl]-
cients of the hTACA 64A-series airfoil sections having thc
a=O.8 (modified) mean line shoukl be only “aboul 87 pcrccnt
of those for the NACA 64-series airfoil sections with WC
a= 1.0 mean line. The cxperimentd rclat ionship b~’twccn
the quart er-chord pitching-moment cocfficienL and uirfoii
thickness ratio and camber, shown in figure 15, discloses thut
the plain NACA MA-series airfoils httvc pitch ing-nmmw t
coofficienta which arc slightly more negative tha]~. those fm
the plain NACA 64-series airfoils. The immwsc in tlw
magnitude of the pitching-moment cocffic”icnt of NA.CA &iA-
series’ airfoils as compared with NACA 64-series airfoiIs
becomes greater when the airfoils are equippc(l with simulated
split flaps deflected 60°. A comparison of the theorctiml
and measured pi tching-momrnt coefficients is shown in figuro
16 for NACA 64-series and MA-series airfoil sections. These
comparative data indicate thttt the ATACA64A-series sccticms
much more nearly realize their theoretical morrwn Lcoefficients
than do the 64-serim airfoil scc.tiohs. Similar trmrk htivc
been showu to result when mean lines such as the a= 0,5
type. tie employed with NACA 6-series nirfoiIs” (rcfmcmrr I).

Aerodynamic center.—The position of the twrodynnmic
center and the variation of the momcmt cocfficicnL with lift.
coefficient about this point were calculatwi from the. quarhw-
chord pitching-moment dat+t for each of the seven airfoils
tested. The variation of the chcmhvisc posiLion of Lhc iwro-
dynamic center with airfoiI thickness ratio is shown in figure
17 for the NACA 64-series and G4A-series airfoil sections,
Since the data for the NACA 64-series airfoiIs showed no
consistent variation with camber, the rcdts am rcprcmutcd
by a singIe fuired curve for all cambers. Following (his same
trend, the position of the aerodynamic cenLer for tho NACA
64A-s&ies airfoik” shows no consistent variatio~with rnmhr.
The data of ligures 4 to 10 show that the variations iu Lhc
Reynolds number have no consistent effect upon the clmrd-
wise position of the aerodynamic center.

Perfect fluid theory indicates. that the position of tho
aerodynamic center should move rcanvnrd with incrcasi~~
airfoiI thiclmess and the experimental results for thu NACA
64+eries airfoil sections follow this trend. Tho dttt n of

FIGURE17~sriatlon of chordwtsepos[tfonof e.erodynam[comtcr with atrfo[ltbtcknc~
rstio for some NAOA 64.wrlM (refercnco1) aud &tA-acriesafrfo!iwet[ona of d[flurcnt
mmbem. R-6X16L
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reference 5 show important forward movements of the aero-
dynamic center with increasing trailing-edge angle for a
given airfoil thickness ratio. The results obtained for the
NACA 24-, 44-, and 230-series airfoil sections (reference 1)
reveal that the effect of increasing trailing-edge angle pre-
dominates over the effect of increasing thiclmws because the
position of the aerodynamic center moves forward with
increasing thickness ratio for these airfoil sections. For the
NACA 6U-series airfoik (fig. 17) the aerodynamic center is
shghtly behhd the quarter+hord point and does not appear
to vmy with increasing thickness. These results suggest
that the @lect of increasing thickness is counterbalanced by
increasing trailing-edge angIe for these airfoil sect.ions.

CONCLUSIONS

From a two dirnenaiomd wind-tunnel investigation of the
aerodpunic characteristics of five NACA 64A-series and
two NACA 63A-series airfoil sections the following conclu-
sions based upon chita obtained at Reynolcls numbers of
3xl@, 6X10S, and9X10E maybe dram

1. The section miniium drag and maximum lift ooef-
flcients of corresponding NACA 6-series and 6A-series airfoil
sections are essentially the same.

2. The lift-curve slopes of smooth hTACA 6A-series airfoil
sections appear to be essentially independent of airfoiI
thickness ratio, in contrast to the trends shown by NACA
6-series airfoiI sections. The addition of standard Ieacl@-
edge roug@mss causes the lift-curve slope to decrease with
increasing airfoil tK1clmess ratio for hTAC?A6.&+eries airfoil
sections.

3. The section angles of zero lift of NACA 6A-series
airfoil sections are slightly more negative than those of
comparable NACA 6-seri~ airfoiI sections.

.-

4. The section quarter-chord pitobing-monmnt coefficients
of NACA 6A-ser.iee airfoil sections are slightly more negative
than those of comparable NACA 6-series airfoil sections.

The position of the aerodynamic center is”essentially inde-
pendent of airfoil thiclcnes ratio for NACA 6&series airfoil
sections.

JJANGLEY MEMORIAL ~RONAUTICAL LABORATORY,

NATIONAL ADWORY COMMITTEE FOR AERONAUTICS,

LANGLEY FIELD, VA., .Mav 6, 1947.
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